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Abstract 

We evaluated the efficacy of atmospheric modification in controlling decay 
and maintaining quality of ‘Wonderful’ pomegranates kept at 5oC, 7.5oC or 10oC 
during the 1997-8 season using air, 2kPa O2, air + 10kPa CO2, and 2kPa O2 + 10kPa 
CO2. During the 1998-9 season we tested the following atmospheres at 5oC and 
7.5oC: air, 5kPa O2, air + 10kPa CO2, air + 15kPa CO2, 5kPa O2 + 10kPa CO2, 5kPa 
O2 + 15kPa CO2. We found that it is possible to store pomegranates at 7.5oC in 5 kPa 
O2 + 15 kPa CO2 for up to 5 months, provided that the level of latent fungal 
infections at the time of harvest is low and that the pomegranates are sorted 
carefully after harvest to store only fruits that are free from defects and decay. CO2-
enriched atmospheres resulted in higher concentrations of acetaldehyde, ethanol, 
and ethyl acetate, especially after 4 and 5 months of storage. Accumulation of these 
volatiles was greater at 7.5oC than at 5oC, but in both cases the highest 
concentrations were below the threshold values for detection of off-flavors. 
 
INTRODUCTION 

Pomegranate (Punica granatum. Punicaceae) originated in areas of the middle 
east (what is now Iran and Afghanistan) and was later brought to the Mediterranean 
countries and to subtropical areas of South America. All commercial production in the 
United States is in California with the major cultivar being ‘Wonderful’. Pomegranates 
are used fresh mainly in the Mediterranean countries, while in the United States they are 
used to make juice, jelly, grenadine, or as decoration (LaRue, 1969). Currently, there is a 
greater interest in pomegranate juice due to its high antioxidant activity (Gil et al, 2000) 
and potential health benefits. 

 ‘Wonderful’ pomegranates cannot be stored in air for longer than 2 months at 5oC 
due to chilling injury (Elyatim and Kader, 1984). Above 5oC, the major cause of 
pomegranate deterioration is decay caused by high innoculum of fungal spores in the 
floral parts in the blossom-end of the fruit. Free moisture availability during storage 
enhances decay incidence in any area of the fruit that has sustained damage during 
harvesting and handling. Ben-Arie and Or (1986) suggested that storage life of 
‘Wonderful’ pomegranates could be extended using 2kPa to 4kPa O2 at 2ºC and 6ºC. 
Kupper et al (1995) reported that they were able to store ‘Hicaz’ pomegranates at 6ºC in 
3kPa O2 + 6kPa CO2 for 6 months with minimal quality loss. Artes et al (1996) and Gil et 
al (1996) found that 5ºC was optimal for ‘Mollar’ pomegranates and recommended a 
controlled atmosphere of 5kPa O2 + 5kPa CO2 for up to 8 weeks. In this study we 
evaluated the effects of various concentrations of O2 and CO2 on maintaining quality of 
‘Wonderful’ pomegranates at 5ºC, 7.5ºC, and 10ºC during two harvest and storage 
seasons. 
 
MATERIAL AND METHODS 
 
Fruit Handling and Treatments  

Freshly harvested ‘Wonderful’ pomegranates were picked from a packing house in 
Tulare county, California during October 1997 and 1998 and delivered to the Postharvest 
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Laboratory at UC Davis. In the 1997-8 season, 90 boxes of freshly picked and sorted fruit 
were used. The boxes were randomly divided into 3 groups and each group was stored 
overnight at 5ºC, 7.5ºC, or 10ºC. The following day 6 boxes each were placed into 1m3-
stainless-steel containers and ventilated with humidified air, 2kPa O2, air + 10kPa CO2, or 
2kPa O2 + 10kPa CO2 (balance N2 in all cases). Gas concentrations and flows were 
measured on a regular basis to assure they were kept within ± 10% of the desired 
concentrations. At monthly intervals, one box was taken from each storage tank and the 
fruit were randomly divided into two groups of 15 fruit. One group (three replicates of 5 
fruit each) was evaluated immediately, the other 15 fruit were placed at 20ºC for an 
additional 4 days to simulate marketing conditions. The arils from each replicate were 
well mixed and a representative sample was squeezed for juice. A 20-ml sample from 
each replicate was immediately frozen in liquid nitrogen and stored at -80ºC for 
subsequent analysis of color absorbance, sugars and volatiles. The remaining juice was 
analyzed for soluble solids, pH, titratable acidity, and red color intensity by measuring 
absorbance at 510nm.  

During the 1998-9 season, the pomegranates were sorted to select only those 
without mechanical damage or sunburn for use in this study. Pomegranates were then 
dipped in water + 100ppm chlorine for 2 minutes and placed in front of a fan to dry. They 
were placed in 19-liter glass jars (24 fruit each) and stored at 5oC or 7.5oC overnight to 
equilibrate before controlled atmosphere treatments were started. The following day the 
jars containing the pomegranates were closed and ventilated with humidified air or air + 
10kPa CO2 at 5oC. Those kept at 7.5oC overnight were ventilated with humidified air, air 
+ 10kPa CO2, air + 15kPa CO2 , 5kPa O2, 5kPa O2 + 10kPa CO2, or 5kPa O2 + 15kPa 
CO2 (balance N2 in all cases). Gas concentrations and flows were measured on a regular 
basis to assure that they were kept within ± 10% of the desired concentrations. Starting at 
two months of storage, fruit in one jar from each treatment were divided into two groups 
of 12 fruit each. Twelve fruit were placed at 20ºC for an additional 4 days to simulate 
marketing conditions and the other twelve fruit (3 replicates of 4 fruit each) were 
evaluated immediately. The fruit were then treated similarly to those used in the 1997-8 
season. 
 
Visual Quality 

A visual quality evaluation was done on all whole fruit by examining internal and 
external surfaces for incidence and severity of physiological disorders and decay. Each 
treatment was terminated when internal and/or external decay exceeded 25% of the 
number of fruit within that particular treatment. Since there were no indications of any 
significant changes in quality within the first month of treatment during the 1997-8 
season, evaluations were initiated after 2 months’ storage during the 1998-9 season.  
 
Soluble Solids Content (SSC) 

SSC was measured using a refractometer (Abbe refractometer model 10450, 
American Optical, Buffalo, NY). Soluble solids consists of sugars, organic acids, amino 
acids, soluble pectins, and other soluble compounds. 
 
Titratable acidity (TA) and pH 

Four grams of juice diluted with 20 ml of distilled water was used to measure TA 
(as citric acid) and pH using a PHM85 Precision pH meter and an ABU80 autoburette 
(Radiometer, Copenhagen, Denmark).  
 
Juice Absorbance 

Color differences were measured by diluting juice 1:3 with pH 3.4 citric acid 
buffer to stabilize the juice, and then reading the absorbance on a spectrophotometer (UV-
1601, Schimadzu Scientific Instruments, Columbia, MD) at 510 nm (wavelength for 
anthocyanins). 
 



 753

Volatiles 
One milliliter of juice was placed in a glass tube, sealed with a rubber septum, and 

heated to 65oC for 1 hour. A 1 ml sample of the headspace gas was removed with a 1 ml 
glass syringe and injected onto an HP 5890A Gas Chromatograph with an FID detector, 
Supelco 60/80 Carbopack, 5% Carbowax 20M column, and integrated using HP 
ChemStation Software Version b.0204. Ethanol, ethyl acetate, and acetaldehyde were 
quantified by comparison to known standards using retention time and peak area. 
 
RESULTS AND DISCUSSION 
 Fruit kept in air during the 1997-8 season remained in good quality until month 4 
or 5 at all temperatures but in the 1998-9 season pomegranates kept in air lasted only 2 to 
3 months (Table 1 ). Similarly, pomegranates from CA treatments in the 1997-8 season, 
lasted for at least 4 months while in the 1998-9 season fruit in many treatments lasted 
only for 3 months. Only those fruit exposed to 15kPa CO2 were usable after 5 months. 
These differences are due to a higher level of latent fungal infection in the blossom end of 
the pomegranates at harvest which initiated decay during storage. In most cases the 
pomegranates were no longer usable before internal browning of membranes (chilling 
injury) became a problem. Chilling injury symptoms were severe only in those fruit held 
at 5ºC for longer than 4 months. In the 1998-9 season, more chilling injury symptoms 
were noted in fruit kept at 7.5ºC than in the 1997-8 season. This could be due to difficulty 
in separating browning due to chilling injury from that associated with internal decay 
incidence. 

There were no significant differences among treatments in soluble solids content 
(SSC) or individual sugars throughout the storage period (data not shown). SSC in all 
treatments declined from 16.4% initially to 14.4 to15.8% after 5 months of storage. 
Titratable acidity (TA) also showed no significant differences among treatments with a 
range of 1.5 to1.8% after 5 months in storage. There was a slight increase of about 0.1pH 
units for all treatments. These compositional changes with storage time may have a slight 
effect on taste due to lower acidity and sweetness. Red color intensity increased in the air 
stored pomegranates, while CA treatments resulted in either no change, or a decrease 
(data not shown). This is probably due to greater synthesis of anthocyanins in air than in 
CA-stored pomegranates as shown by Holcroft et al (1998). 

Carbon-dioxide-enriched atmospheres resulted in higher concentrations of 
fermentative metabolites, including acetaldedyde and ethanol (Fig.1), especially after 4 
and 5 months at 5ºC, 7.5ºC or 10ºC during the 1997-8 season. Ethanol and acetaldehyde 
concentrations increased in both the 2kPa O2 - and the air + 10kPa CO2 -treated fruit after 
2 months at both temperatures (Fig. 2). After 3 months, the 2kPa O2 + 10kPa CO2 
treatment produced the highest ethanol and acetaldehyde concentrations at all 
temperatures. Accumulation of these volatiles was greater at 7.5ºC and 10ºC than at 5ºC. 
However, the highest concentrations were below the threshold values for off-flavors 
detection in fruits containing more than 10% total sugars (Ke et al, 1991), like 
pomegranates. 
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Table 1. Incidence of chilling injury and decay in pomegranates kept at 5ºC, 7.5ºC, and 10ºC for up to 5 months 
 
Season Storage conditions Percent chilling injured fruit after   Percent decayed fruit after 
 Temp. O2 CO2 indicated months in storage  indicated months in storage 
 (ºC) (kPa) (kPa)         
    2 3 4 5 2 3 4 5 

1997-8 5  21  0 5a 3b 6a - 0c  11b 25b - 
  2  0 5a 8a 6a   75a 0c 6b 11e 25d 
   19 10 5a 3b 3a   22b 0c 8b  0f  8e 
  2 10 3a 8a 8a - 0c 3c 28a - 

 7.5  21  0 4a   8a 8a -  14b  11b 42a - 
    2  0 5a   3b 8a 0c 0c 8b 19c 22d 
   19 10 5a   0b 0b 0c 0c 3c  8e 19d 
    2 10 5a   3b 3a 0c 0c 3c  8e  53b 

 10  21  0 0a   0b 0b -  17a 0d 30b - 
    2  0 0a   0b 0b 0c 0c 0d 17d  100a 
   19 10 0a   0b 0b - 0c  11b 39a - 
    2 10 0a   0b 0b 0c 0c 22a 11e 39c 
            
1998-9 5  21  0 0a - - -  47a -  - 
   19 10 0a  25a - -  13b 33b - - 

 7.5  21  0 8a  16a - - 8c 83a - - 
   19 10 0a  25a - -  17a 50a - - 
   18 15 0a   0b  75a - 0c  8b 25a - 
    5  0 0a - - -  50a - - - 
    5 10 0a   0b - - 8c 50a - - 
    5 15 0a   0b  36b - 8c  8b 19a 25 
Means followed by different letters within columns for each season are significantly different at the 5% level 
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Fig. 1  Effect of storage time, temperature, and atmospheric composition on
acetaldehyde and ethanol concentrations in 'Wonderful' pomegranates 
during the 1997-8 season.
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Fig. 2  Effect of storage time, temperature, and atmospheric composition on 
acetadehyde, ethanol, and ethyl acetate concentractions in 'Wonderful' 
pomegranates during the 1998-9 season.
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